


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1954 


An investigation of the applicability of diving 
techniques to selected off-shore drilling and 
production problems 


Drea, Andrew R. 


University of Pittsburgh 


http://hdl.handle.net/10945/14292 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sia Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

ia) LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 





o* Fa ’ ' a 
r o ‘ — i & — . = _ - _ ’ ; 
“”¢ a 4 . ar . .” ; r vy ? » ' ' : i \~ a ° ‘ ; a ms ‘= 
Pa eRe ae WN bee ae ord Nn aay ool hg Pe ee 
NF = « Jat -_ _ = . > evi %. . . i 4 »* - e 
= * a | ‘= 7 ° (a a — . ’ - ” —_ ~ ; ek | 7 7 of 
oy = . “a - ' , | t > . ’ Tt. ‘ “| >  — - a’ alll * -* “ . a - 
= | * . - ° _ : = - - _ Y. _— _ @ “a - - 4 e i 
Ss = “> ~ Ze, Poe as ’ =. ar -_- ata Sa ah, Se a A 
. — “s 1 -~« 6 , af “= e*s ~. — ~ -- 
oe an 7 4. oa - : al | ~ aT - ~b. ~ ™ pe kg ft ~~ e en oh , ee >. ‘1. i 
. - - P - _ — J —-- _ ‘ . ‘ .7 e . = * AY , ds 2 mrp . - er y 
a v | »,, — ' _& ; ra ; , ~ ~~ 4 cL + _ ‘ ‘ ~~ -_ 4 . , ~ e ~~” +> “Jo 
. - . e = _ 4 ~~. . , . e . - > , « 
a. iad - ¢ - - - o- - sa ° — <. e - — — — e ~ ba] ° + .- im & > 
~ eo “ . Pm yt "a ty “4 4 a ee = 3s. iy -" 
ae ¢ ..'« 7 < - ° af" ‘¢ . SS = -  — . 4. a ' e = ~~ =~ ~ ™, - he a ’ ome 
° * aa = , - - > = - ¥ = Py “* - - = _ " ~ . " -* e™ + 
a Ne on ye *; Uy a , , — a ie a, .- RT a ere Fe eal 
e - ’ > = oun M4 4 ; r a * e67 — — ~~ « _ +. _ —_, ’ ws .”-* _ Ps ae so eet ‘ 
, + \ *- . + a2 ‘ 7 : -_ . -_ .*» ”" ~ 7 
7. —* . - P om a ae o—~ a a at ie Pr " ~ hoe ‘ i o- wf ~ ec: A WwW _—* 
-@ ‘+ ow 7 7 . ‘ - | # an 4”"™ sal ual or d = «= Aan 7.4 —, “a *- “" i \ ' _* dea 
= » _— ad e - - - - . _” 
c ", @.¢ = 4 x : ’ — — . ~~ a” . . . _ * a ~~ Ba” = ~~ ~. ‘ ; Be —? te i *, “a, 
eS ee ee oe _. 2 en ae” ee ey OA eS Pe 
> . - ® a te a na “~ * . = : —- “-*) > . __,-- an a _—_ ‘ ” “hi hs _ 
a ea LO te Hn a eet nT - pee o>" >. i er — Fag ve 
Pe _ ~— » om A Ho ~ ~— Pa ls . he 7“ J wii ™ee = “? oe Y . = 
. “> - Me, WT i : ° - th See ik, >” ‘. ~~ a 
ing a Fort i> oa f= > - a a rw . a ee L ce te ~. rhe i <i - ~ 
18 hon ~ om oe ~— i *, ~ ’ et —~- us rf ; . mi e ~"y — ~ ie’ a \ 7 Xan ‘. "Se >; » ee 
“ae ad e v< “ < > a . 2 ¢ 7 ‘ - = - .* e , = — , ae 2 alt i= a) c > >" . ~ 2 — P ~— eee 
Pg ee ee y. aifn ae De hr a Par ie On a oe es 
vw oe > - » ~~ ‘ _ ; a L" meets  —_ » a | . ™~ . ~ wu <4 —. 
- 2s _~™= —— y ’ a cad ~ e'’* —_ a = , . = ad a A « ~~. < _ oui ~~. ‘“ ey on : ”% _ - ——« 
. <—=_"y* . - = = a »~ ll - - =< “ r -< = = “~ = 7 st < > ~ ‘ “-. a 
- 5 pee Oh © Sore T he) eA ed . q ie ee “= a. ey SD =H ht oe 
= o\. " —— _ —- —- a “4 - - r ¥ all — - “= - w++ > a = 
» - - 7 ay - sr - == - — ~~ ate =, m a, _— - ma, So —_— ~ - = —— ° & ,'* “ , —~. .. “ 
/~@ms2¢ ' ™ = - * <<? a ° e (= - ad ie id ——_ awe oe Fn - Fr ~~ ‘ — ee 
- _ — se Tf “ fume ee Se a ae as @. ‘ a“ "> -~ “ =, ed - 
mt TT. . owes ~ 2 a a -'s < 2 - aw ; — ~ i a oo — —— Z ’ -s 
or ra ~ or _ . a ‘ " - ~ , ; 7 . ° atte Gt | a — </ Jer, = —” < + -- + SS Aw, ~ ant +e 
“a " ; w _? a . mo A oP te ; = » . ’ a “A= = >. . —y a - e — 
r ~~ et mw ri 7 a. Ba \ y r “. — , e a - 2 ~. ef & - sal o. ., P r ™ ~- 4 ~* - ——- —_ ~~ _ a “Ty? Chl —_ 48 a" : de 
nag nl ce ws a pn = - RC tg) a Ae tn tm cs en le 
——_ «s cy — al a ae . = > i ene | OY ne > tO By 
- > i ' - ro * 4 “Ts "? - ‘ ’ ry =s e x nn : ‘ ee _" 
ol ‘i ‘an — : am . we 7 + - , A . -* “~. 4% - “wT - = “= ry 7, > i. La »% 
=% hy Aw a a 24 La ee on ‘ Py, @ a ot Oe wal ae ate PS 
yas J hee bee we WO yg in pe ee — ey Ae ae ta? he 
J #, -S Gs 4 s — an a ‘ 8 =" , ° c *<. —— ~ =e a (i ann sm ~ i ~ oy om 7 - 
: oar —~ , = — — “a. = J To Oa 
- ~, -_—~ 7 Pe a>, . bs - at™~ 
” . ; r,* ~~ i 


























AM LRVERSTLUATIVGA oF Tel 2 yop Geol ATY oF 1c ViWe The Na cUub 


TJ “wd pe wy, Jk Peas i= JH... 1a Te I WeeTlI ” ws « 


by 
ase iy rea 
Oc5., Umirted tates Naval Academy, 1939 


Submitted to the Graduate school of tne oni vers ty 
of "ittseburgh in partisa fulfilinent of the 
reqiurements for the derpree of 
Master of Sclencse 


Pitteourgh, Pennsyivanis 















a 
a 





le 


If. 


IVe 


TAQLE VP VOKTANTD 


ANTM UUTICN «ew eo meee eee eee ee ee 
Aw evelopment of the Uff-snore robles 
Be Purpose of investigation... .seecnre 
Ge Statement of Procedure . . . «2 e 0 2 8 
CUMRINT OF Pei WG URivoi Ne aN) « tUCUUTION RETHUDSS 


Ae irilling Methods . 2 « 2 0 © @ 
de Fixed Platform Method .. . 
2. Moblie Barge ee ew eo ee eo 

5B, Production Methods »« « «+ 2 « « 

Ce Transportation Methods . . . « « 

UNIL.UE UFFeSHURL PROBLEMS .. ec eo 


Ag Common Orliling and “reduction Probdlens 


SB. Vperational -reblems ahiite Lrilling 


Ve Production Problems . «+ « « « 
RAR oF COARANT LIVING TROMKIQOES 
A, cubmerine Medicine » « -« . « « « 
4. Yenis or Valsson Visease . . 
2. HMarcotic iffect of Nitrogen 
3e aAnexia and Oxyeen rolsoning 
lL. varbon oxide Voisening « e 
S. Woue Diving « «se seseee e 
Se Free Living ..2eeeececee « 
De The Cabeeon and Diving veli . . 
Be The Diving Vehicle « «2 2 2 « 


Ws 


‘6 ec OR; OR 


10 


a2 


15 
Lo 
47 


17 
iy 
iy 
20 
22 
2h 


20 


ceREnSerereeeKrerete rw aw rete” 


ar. Js aul 


web ewer cen wre we eed ent ann « OT we 


ole ete T ot be fee — Ot 


“seosomeeueue 


Sete ieteere estes es « » eters! Ye cee 
ree See ee ee ee 
eee oe eo MER KOLTONN Ga ies! @~t tere 
ee ee ee et 
eee eee eee eee Se ee eee OL 
See ewe eo we wt rete oe s ee ee OS 
ee ee ee 


set ee we ew 


*#*\ ere a4+° 


o 
. 


. 


“ew eeacne 


~w +A @ + oe 


7 Petes 


oe eee 


2% 


ee 


»* 2s ea 


ew ew tw os ee lenreegerr 6b 


vwse*tt ee #& «@ @ ® 


- eT ondd anew: sem pate hwd comms oF 
eee ee tee eke em me eter) dade: «fl 
Robe t teres wc eee st ee eT ite! & 
coe es MSD iby eee 1 Boe 


7 


— 


ee @ 6 * 
+ ++ + Weel Geet oe oe 
e+ Geet We Set chou 
oe SAR anu &e stce 
ees « eee” Mbed) HOT 


vt 
& 
a 
el 


oo ws bet sie sea Qlwdd oom 
ee ee ee ee el 
coe ee Se CUP hee comedies eT 
chee oe ee RO ent ot 


image “— .y 
otic 


es tr? tee 6 


¥. 


~ 





B, Ulving Tools . «ce ese eee seeeese 


G, Current Applications of Divim Technique ,. 


Vo ANALYSIS OF POT NTIAL DIVIN 


Ae Submerged Drilling « « . 


ie Requirements « « « 


2. Acvantages . . « « 


3. Lurrent Crawbacks 


Be Piatform Construction 


C. Submerged ?roduction . 


id. lequirements . 2 « « 


2. Potential Advantages 


3. tAsadvantages 


he Oummary . 
Vig GuNCLUGIOMS . 2 6 ec 


WII, JMCOMMENDATIONS . « 





PADIA Lew cece eee «@ 
BiBLIIGRAPHT . ew we eo 0 
REPRENCES WOT CITED . . 


AP LIVCATIONS e .@ 


37 
37 


6 


43 








|, Pane iT es & 
« : eeliaee) gales Ne went aRE were 6° 
ete eoeee 4 f 


De a a 


Ahan Foes 
+ See's 
5 @ vea> o0ae : 
~ py: ++) 25 eemeions Be | 
ee oo — 
deees:: aw Jalen 
ae ~~ . a 





. on) 






5 
> €eé& = oo = 


(eee Oe Ome ri 


Le INTRO CTLUA 
A. VLevelLopment of Wie uff-snore ’roblem 

The petroleum industry has turned seaward in its search for more 
olly oli, necded to neet the steady rise in the demand of our expanding 
economy; oli, needed for a adequate, ready, domestic reserve and, ol, 
essential to support tnat ecunomy in the future, woutever Lt may noid. She 
success of this venture wili mark the continuation of the contrlbuticns of 
this vigorous industry to the naticnal destiny. 

Uff-shore Locations have presented @ more complex ariiiing and prove 
duction problem than previous iniand locations. ihe wept. of waver and 
the Wide variation of water su face cunditiuns huve made the banic driiling 
requirement of no relative motion vetween the driiling rig and tne weal bore 
expensive to meet. The destructive power of ocoean storm Waves, winds, tides 
ané currents has mede driliiny ami producticn structures difficult ami ex- 
pensive to ercot and maintain, iransportativon and communication from more 


to sea uier even mocerate sea conditions has not been ety. 
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Be urpose of Investipgation 

dt ia the purpose of thio report to examine some of tow present 
offeshore dritling and privueticn probleme in order w cetereime the ap- 
plicabliity of certain diving techniques tb their solution. ho attempt 
has been made to present a detuiied analysis of, or 4 compiete sodiution to 
the probleme digcovered. ®o meenanica: cesipnes ere presented, instead, t re 
paper ahowa the nature of certain difficulties anc indicutes tne extent to 
which current diving techniques may cuntribute to tweir er,imination 

Yetroleum expioratiun parties and driaain; crews nave gune down Lo 
the sea in 4 variety of craft; somo converted, some desipned;) in a hen tol 
explore uni drili the contlental shelves. vonte ove been ipa. Production Ap . 
has been difficult. it has been estinated taat tere has been iittie more 
then one doller in income for every seven doliars spent. *?*e7 The reduce 
ticn of these costs was, i6, and will be tne problem of offeunore expioite- 
tlun to be solved not unly through the uliiiaation of tested o11 Pied 
science snc methods, but aso throuryh the utliigati.n of the seafarim skills 
and profesesi.ne which in the eariier days, left a flavor of the wea in the 
Language of the industry.” Lertuiniy, the experience of the eubnariner ond 


the diver may contain "knowehow” useful in this off-shore verturee 
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Ve wtatenent of rucedure 

The process of investi, ation nas nad necessuri.y wo phases which 
may be stateds! t {elle | 

\a) tho examination of current off-shore Griiiing problems; end 

(b>) the applieablilty of diving teenniques to tne solutivn of these 
pre oles 
Tae provedure Fo.lowed durin, the execubicn of each pause of tne Investigation 
then fell into logical sequence: 

Paase I 

(a) exwminetion of current off-shore drilling and production 
me tnod ey 

(b) ddentdficatdon of unique, off-shore driliing end production 
problems; 

(c) identification of current applications of diving techniques be 
the soluti.cn or inde problems; 

"nase IL 

(3) examination of current diving techniques and developmen 

(ts) anaiyais of the potential extensicn of tnese teenniques and 
deveiopments to contribute to the solution of edditional off-shore probiems. 

Pursuant to this purpose, it became apparent that the practicality 
of any potential contributions must be weighed in terms of the oatimaved 
costs for drevaopment, procurement and operation of any new or modified 
equipment against any aivantages, imzediate or future. furtuer, the costs 
Should o« balanced against tne siements of risk from weatuer anc from the 
nature of the operation. *hiie these controlling factors ere, in most cases, 


Not auseeptibie to any exact evaluation, co: parisons art possib.e. «Sr; inal 
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features may be indicated, 
Tne mujority of terme wed wil. be femillar vecause conventional 


Sane oF 


Lana nee ‘boon used, Huwever, in appendix 1, tnere is « lieting of 


terms and definitions. This should provide ready reference and preclude 


any miaumerstanding of the terminoloyye 


rr ree 


: me bide +8 aJe Memes meme be Grey au _ 


ctans ound <> <u 





iene on me 
a —? 


——_ 





—— 


= 





ad 
nie ~ os —_ ia 
eo - 
— aml 





Lie cUltMeNT UP Fest VY Lowi, Ay | ObucTION Rel 
Ae Urliling helLheds 

Vurrent off-shore driliing metnuds may be divided inte two classes 
by the manner in which the cerrick is supported above the adilliing lucation. 
In ear.y off-shore cGevelopment, the derrick was erected on a fixed, immoblie 
pietform, supported by piiinps above the wave revel. currentiy, the method 
4e stili in use but ia -iving way to the moblic barge which not ony sup- 
porte the derrick but transports the driliing rig from one lecation to the 
next. Therefore, these classifications of off-shorw driiling metnodo may 
be stated as roliowss 

(a) Fixed piatforn 

(b) moblie barre. 
le Fixed “latform Nethod 

initialiy, fixed platforms were constructed to suppert tae entire 
Griliing rig, its sevessorles, ani the driliing crewa' quartere. vne such 
platform @lone cost the iwmbie Vil Company approximately one and one naif 
millien doiiers. Fortunately, oi) wae fuund. ceven welis were drilied and 
produced from this piatform.” 

it was apparunt thet this high cust of a foumdation platform was 
excessive for wlideat driiiing. 

A etraight forward reviuction of costs was epparen ty) if the sise of 
the platform could be reduced without sacrificing the c@pabiilty of dridiing 
end producing several weile from tae singie psatformn. Further exeaination 
showed thet calvabliity of pletform atructure would ri cwee costs vy permite 
ting rewee of materia. in addition, important initial sevimes in time and 


material could be made, if major weight and load distribution changes could be 
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held within emalli limite, 

More modern fixed platforms vorbine tieso ideus, v-onverted,..overn- 
nent surpius,. Te and other craft ere used as tenders. Tnaese snips carry 
and power tne main mud cantbathes pumps, the mud mixing and co ditiuning Uf, 
equipment, and the main mud tanks. ‘hey verve as Cioating storehowes for 
pipe, mud, water and equipment. “inaiiy, they provide comfortabso berthing 
and messing acccmmodations for the driuiing crews, ‘tne muitioie well der- 
rick, an innovation of tne ee 4, Moore bnyineering Conoany, has a movable 
crown block and rultiple power teke~orls for the rotary taple. This ensoles 
five weiis to ve drilsed without wehifting the derrick. in termes of piatform 
vesign end construction this cerrick has permitted the number of pliings 
per five-weil piatforme to be reduced from thirty-two to elrhteen.° = 

Exact cost figures for this type of piatform are not avutisbie but 
estimates run between two and three hundred tavusand doilars./s%s? Tnis is 
still & considerabie cum. 

+t should be noted that this p.atform cost reduction nés mot been 
realized without some disadvantages. These arc; (a) mud pumps and clreu- 
lating mud may be seperated from the well duriny a heuvy storm (b) heavy 
duty moerings are r cuired for the tender; (c} etundeby tugs are required 
for tne tender during severe storm corditions or 4 certificated crew muat 
be maintained on board the tender and (d) ratner compiex cevices ere required 
to permit movement of men and steures from the tender to the piatform in 
ali fairness, it must aiso be stated that these cavices vermit the sovement 
of men and stures under conditi.ns of gea and weather #nich would praciude 
a siellar movement from & small creft to the phatforne?? 
2. Mebiie Lerre 


Khen the coats of the fixed piatform method of of fesnore driusing 
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were &@p,reciated, tha udvantuges of a moblie, self-contained drilling eraft 
were & parent. These aévantusos briefly ord: ) Cecreanea time w shift loca- 
thon; eLlir ination of Griliing pl stform COS tB;) wsiimination of risks attendant 
upon meving heavy drijiing machinery from a ~~ © bre dridaing pretforn 
and the convenlenve of & co piat, unitised driliing rig. 

Tne burges now is. use muy be subdiviued into three ratmer distinct 
wpes which are: 

(a) conventional ship or drydock which io limited in depth by ite 
effeotive freeboard, usualy to twenty feet of water or iess in protecwo aruas, 
Landing pontcons may be used to accomodate Bloping bottoms and previde a 
level seat for the barge proper. -usceptibiiity to storm Gumége almost pre- 
Ciudes the use of such equipment in open area, t#s43 

(>) fixed-ley, subeersible barge which carries tue drilling rig on 
@ platform: comected w the barge proper by steed lege. it may or may not 
have sechinery conpartmenta and storage tanks within the sulmersible barge 
hulie its depth linitati.ns are determined by the length of tre legs. | re- 
sent designs ure iirited to about fifty feet of water or iess,. lLxternal 
pentoons nm outriggers, or special baliasting arrangements aay be proviced 
te acecmodate a sloping bottas and to insure maintenance of verticai thruu,h- 
out the driliiny operaton, 4s25,16 

(c) Movable or adjustable leg beryes which become driii ng piatforns 
Upon reaching locaticn by extersuding plies into, or ponteon bused colwans to 
the bottom wvi then jacking us the pile or column to a sate distance above 
the water levol., Yor guif arees, thie level is ma set at adout forty feet 
above mean guif ievel. vurrent designs are Liniied to appreximateiy one 
hundwed feet of water or Lesoe?! 625529 


1% Should be noted that, once these barges are drliiing on iccation ) 
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they are cffectively fixed platforms. .n the cases of types (e), (od) and 
the pontvon based, adjustable le, burge, tiere is 4 poesibluity of wming 
out of the hole and moving the barge to « sneltered Location in We acveat 
of severe weétner with adequate warnim. cust figures for the verivcus no- 
bile barges are not readily avaliable, idowever, it is knew that the chard- 
eon and Bacs dyiliine barge, ““Lind Pees," a Lixed leg barye, cost one and 
one<half miliion doiiars without equipments“? 4 reeent estimete for a 
similar barge equipped ami with au auclilsry vesee.s was two @llii.n wo 
hundred seventy-five thousand ceisers,*+ Tne Ucean Wriiiing and bxploration 
vonpany’s fixed leg barge with pontoon ctablilsere for driliing in water to 
a depth of forty feet will cost in excess of tarwe miili.n Wo hundrea thou 


sand dollars.@* 
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de Yroducticn hethods 

wurrent production methods Closely aruliel those metnods used in 
Grilling with the excepti n that piatforss for weil nezd controls need not 
be as lerge or substantial as driiling paatforms. ivwery effort is made to 
centralise surfuce equipment in order tnat 1t may se -ve a maximum nunber of 
wel lve 

vervice equipment may ve instasied un 4 conventional piling supported 
platform or it may be totaliy or partiaily installed on a subweraible berge.*? 

The submeruibie barge producticn platform is almilar to the fixed 
leg, mobile, drilling barge cxoupt that it dees not require a complex ballas- 
ting or pontoon system. 

Kvery effort ie being mado tw eliminate manually operated controls 
at the individual welis and te substitute contreia st the procucti.n platform 
or production platform controlied remote overatiny, goare 

Any extensive malintencnce requires the use of speclaisy equipped 
workover barge. “4 interrupticns of work by weatner conditions are not ine 
frequent and are extremeiy expensive. 

Any gay in excesa of productic.n requirements is generally fiared unless 
the field is so fortunately situated «es to permit a plpeline © & shore EE 


tiering system to be economically feaslole, 
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ve irenvortutin letwds 
Tho olpeline Le the preterred metned of trunsportlimg oll from tue 
fLeld to shore system. The Gubse ul these offechort welerwelet plyeclues 
are avprvaleately three times tiv cost of similer lamu instalaliaw so tet 
bagges, both relf or nonmseif prope ced, ere used extensiveny. 29"? 
voather interruptions are e big fuctor in barge overativns. —pecial 
fender pilligs and moorings ®re required at the tenk betteries. Lis cone 
bination of the interrelaetes foectorn of weather, mocring requirement, allowed 
produstien, end barge else he reve:nted the enticipatec econumies of Large 


trewportetion from being rou leec,. 
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wost is the major comer offesnvore problem wniuh hes alroady been Rictte 


pin=pointed. liowever, it te undersatesd thal cust is the resort of expensive a 2 
suLutions to .w. basic enpineering prvbseoms involveau. «ff sece expensive 

netheds arc not ceveieped, present costs cuulcd rettirict the exproitaution of 
off-shore arcxs to a fraction of tne cuntionta: snelf areas oy! 


Amother great imponcterable in the off-shore venture Le weather. it 
is freely and frequently granted tnet iittle or nothing can be dune to cone 
trol the weetner directly. Mowever, speciar cull forevastse predict its 
effect um operatiuny in time to avoid some etorm danage, ‘Acourcte statisti- 
C4) eata are ois0 complied in orcer to bulud ecu pment to work in spite of 
thea weather, These forecasts are eighty-five to ninety-five percent aecurate 
for twenty-four hour forecwets we seventy-five to eighty-five percent aocu- 
rate for periods up to fortyseient house?! 

qecifically, uave R6ipnt ond effective pressure are tne two recurts 
ar aspects of weather whisk cuntrul offeshore deslgn ano ovwerution. For 
example, vusl of Mexico experience shuws that crew boats own cmiy be safely 
amd efficlentiy lianiled abonpsice a piatform when wave delpats arc taree 
feet or less or uon side @ tender when neights are four feet or iese.*9 als 
ehemerts of the piling anc pliing bracing must be cepebse of wi thetanding 
Storm wave agotion. availiable figures for a wave of thirty feet in neigat 
above the ordinary high tide off the Texaw vast shuw the maximum dynumic 
prescure at the tup of the wave to be seven mundred anc talriy sounds per 
BUSTS inche®’ After expencive exyerience durin, the sctober, i949 nurricane 


“esign eriteria were revised tc the folaoviagy” 
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wind velocities, une hundred twenty-five mliics per nour; 

maximum wave neipgnt, forty feats 

storm tide, ten feet soove nomal high tide. 

Even these fipures require tne acceptance of the risk tiat storus of bng 
duraticn, capable of destroying the structure, mey occur once every forty 
or fifty years. 

Any iaprovenents in the present forecasting or design aata can only 
be made after s cunsiderabie period of time and researc. 

Current equipment in opera@iicn or under constructiun is limited to 
water ceptisof less than one hundred feete-* smwevor, aere Ls reasun wo 
believe thet oil will be found in sediments out to six hundred feet of water.” 
Gone tant attention and design ctucy is being dewted to the problem of elim- 
dnéting this cepth limitation of present equipment in order to permit exe 
pleitation to the one hundred fothom (six muncred foot) curves 

heblilty ie another desirable characteristic of offesnore equipeent. 
Kobile equipment will be largely salvabie ani capable of rewsé, and wili ree« 
duce coste incident to moving from one location tw the next, Jn certain lo- 
cations, equipment sey be used mich is susceptibie to storm camage on loca~ 
tiom but wiich may be moved to 4 sheltered location at the onset of dangerous 
weather, A survey oF eighteen of). comvenies and ten deslgners or constructors 
of off-shore equipment?’ showed the following desired characterieties whieh 
affect mobility: 

(a) esheclow water wihs 

operating cepths = ten ts forty feet 
capable of shifting iceations in one day; 
cépablie of being towed at three miles per hour a; alnat four 


foot waves; 
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(>) deep water unit 
operating depths ~ fifteen to one hundred feet; 
capable of shifting locations in turce cegag 
capable of be.ng towed at five miles per aour againat five 
foot wevese 
Prodvetion and driti.yy pietiom deel, ns heave tie common requirements 
of adequate strength to perform their runctiun in sdvirce weather, nuximun 
savebllity, eave of erectiun, and iow initial couts. «.tuiwuyh mrblie erie 
ing barges may be the best auwwer w tivo crirliinm, eaase of une probsem, pate 
form design requirements mast be met in productiune Jurrent thought, 34 
expressed by Dale ’,. Lelpyer, Lo a fol.ows. "it was broug.:t -ut that there 
are two ways in which offeumore structures may bo alterwc Ww wi theland the 
duxaging effeat of hurricane waves: 
(a) strengthen the giructure or reduce its wave rosLetance; 
(o) raise tae pustiorm above the sune of wave regietancee" 
it shoud be noted thet this ayorcach wili ralse initlal costs, Lf nothing 
CLECs 
Support of the drdaling ae. tee production operatl a is another er- 
pensive and perplexing phages sf tbe ulioie froblem because wn are ajpain face 
to face with an i#placable acversary, ine weiincr. -isogutiy, nell copters 
have been brow ..t into use for cae trensportati.n of men antl iigat naterlaio 
but the movement of heavy ejuipgent oad the erection of cifesnore structure 
still wait won the whies of the clements. wave sel, ate ef greater ten 
sax faet stop pietform bulldim. Tne criving of o anucteor pipe is stepped 
by waves gronter than four frets 29° The initial offastwre test off Mustang 
Ielenc by the Guill Jil wapany was delayed fer shou. ninety days with equip- 
ment cemurrare estimetec et « seve of fuur thousand five aunired coliars per 
dey. >! 
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YolLution of intent waters or of We sunores of water fret property 
4s & probsern in Che nenta. furvground of any person connected with off- 
shore oli, Vorvunately, gvoc »ressure control is possibile. The consequences 
of any casuaity, ewoh &s & Wei. “blowing wid," would be extroeeuy expensive 
not onay in terns of dawaeged oyuipment but wore go, in term of propertly 


Gmages end sawyer'’s fees.” 
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ie VUperatdonal “roblems ehatle orilling 

the problems incident to the actua driliing oi f-shore ere not any 
greater than those encountered in the tulf Tidelends. -omenhat elavocrate 
precautt ns are Laven to contri Aigh pressure fiuids. At mocerate depths 
three tlow-out preventera exw emp.oyed. (n additicnu: preventer is added 
for dees drilling. One operator is reported to have five preventers in we, 
Mud quaiity cantsvi is essential. Amie supplies of makeeup meterial are 
earrieds7 in addition, it ie important in off-shore driiling to insure 
that the eonductor pipe is deep enough) to presciwie undermining any portion 
of the foundation, be it a piilny or 4 subneralble barge. 

any operator, requiring continuous service from & uriiling tender, 
immediateiy finda that the mooring pian for the tender requires close inspec- 
tian. in even moderate seas, surging of the tender arainst the drilling 
platform can be destrustive. fesentielly, the bow or stern of tne tenier 
must be fixed in position, reg»rdiess of possible wind and tide combination. 
This requires thet any ssoriny ear hold without dragging or faliure, ure 
ing gevere storm conditions the tender must be removed to shelter or allowed 
to swing clear of the driiling piutform to a position where & Long scope of 
ehain may be used anc sea roor is evadlabie. Simileriy, the platform must 
have orergency cower for mud pumes, und @ mud supply or allow time Ww cone 
out of the hole and batten down with each warning of dangerous weather. 
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Se Production ’roblens 

Yroductivon shares the problem of piatform Ceuipn with drilling. In 
addition, it has &@ problen in maintenance because producti_n pratforms are 
in use for a long period of tine. Olmiiarly, weatner 1s nut only on clement 
of dentructiun but also the drawback to trensportatiuon. -e4s with waves greater 
than four feet make access i ie pletforme dungerous and prucluce the safe 
conduct of loading from the platform toa barge or cureo Lugger. There- 
fore, pipeline tranaportati.c of crude to shore fo .r6 ‘erredy where it is Af 
precticable. 

However, the maintenance of these pipenines is 4 probaem whien can 
be compounded by a locati.n remote from porte and by weatuer. fer exmpile, 
there are nineteen miles of submerged pipeline between ollover Fleid and 
the beach, Lepuir equipment mact ircvel approainatery vne huncred and fifw 
miles, when needed, epair equipment rentala ren from ome to wuree anc one 
half thousand doilers per day of the total. 4 breakdown of repsir biils 
show ninaty percent of the total for travel and stenceby tine, anc ten per~ 
gent for actue) work. 40 

Cac produstion fram offeshore flelds is still mt economiesuly 8 ound 
in most cases. Uniy four of twelve off-snore gas fleids are producing. Tue 
remainder are chut~ine' 
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IV. OMA OF CUMURT LIVING Tiel. 
A. -+ubmarine Medicine 

Any a, vreclation of current diving applications end techniques must 
vo accuspenied by 4 rudimentary knowledgo of the effect cn man, when he 
breathes vurlius gas mixtures under changing pressure conditi-cs. -uch knowe 
Ledys by no means embraces the emtire fleid of sumberinc medicine bat is in- 
cluded therein. ‘the foliewiny discussion is not complete, 1% 10 intended 
toa plnpoint those Limitetiuns of man which siso Limit the period he can work 
underwater. 
de Bends or Calsson TAeease”4 

For purposes of this discusesiwn eir wili be cunsidered & two gas 
mixture of oxyven and nitrogen. At atmuspheric pressure each person nas dis- 
solved within hie blood stream ani witnmin his body's tiosue 4 qumtity of 
the inert gas; in this case, nitrogen. Jf the air pressure of Uw inhaled 
air is increased, a5 1% is as a mem cives or enters & céisnon, 4 yreater 
quantity of nitrogen or inert gas is teken inte selution by the blood and 
tinmes, if the creseure of tae inhaled air is ‘ecreased, ¢ quantity of nie 
trogen will be slowly elimineted from the blood end tinswes Lnte the expired 
breath via tho lunse, As ionge as this eliminetiun process is eradual, mo 
aiverse effects occur, dowever, if tne decrease in pressure is rapid, the 
inert pas will ieave suutieon and form bubbles before it le trensgorted by 
the bhoud stream to the lungs. These bubbies prese upon the nerves and pro- 
duce 2 symptom which varies from a slight Ltishing to severe pain; generally 
noticed near the joints. This is known as calseon disease, ur bends, in 
severe cases these budbies can cause permunent injury to the nervous system. 

| 4t should be noted thet tne quantity of nitrvgen teken into solution 
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varies with the »reosure of tor inhalod air end with tne duretion of exposure 
to tiat pressure. ‘herefore, u record of the pressure and the time of exe- 
pusure is necessary in omier WwW determine the time rat. of pressure Gecrease 
which wil. allow this mitswyen or inert gas to bo safeiy cu9@eared from thse 
bodye 

4% is Giso loyieal enc correct to Susume that, if anotiwr inert gee, 
such as helium, were suustituted for ritrogen, a different, safe, pormissibie 
rate of pressure decreuse Will sovern. Therefore, 1t foliows that "bends" 
4s not caused by mitrugen alone out wil. be caused by any inert gus, 

Helium is the inert eas cummunly used in artificial breathing mixtures, 
Oeneraliy, it may be steted tiet heliwa wili diffuse tirouph the dleod 
strean more rapidiy but wili mt enter the body tissues as raecidly or readily 
as wili nitrogen. Therefore, heilum-oxyyon wixtures will allow & greater rate 
of prescure cecrease than wlli caepreseed air. it ahuuid be noted that hel lua 
oxyren mixtures do not provide eny insurance against “bende” but on the con- 
trary, they are more sensibtive to the rate of pressure cecreasa, This pro- 
perty of he.lw, waich aliows a .ulcker purging of gan from the dlood stream 
and bedy via the iungs, is omly one of the advantages gained oy ite use. 

Practical iy, tub .eett age avallanie for compreused air enc for vorlous 
helium-oxyzen mixtures which show or, in the case of heliumewxygen, perrit 
the cemutation of the time to bo spent 6t serected Lower oressures (decome 
pregricn time) when the createst pressure (depth of dive) anc the interval, 
in minutes between the time af Leavin: tae surface to the tine of leaving 
the bottom (time on vottem) are known. This table for compressed air »nows 
thet a dive to ons hundred feet and a time on bottom cf eighty-five ninuses 
rejuires approximately sintyeonme minutes of dvecusyression tive, A dive to 
two hundred and fifty feet on air and a time on bottua of twenly-fLive minutes 
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requires & decum,recsion tim of & pruxi-etely two acury as talrty minutes, 

Finai.y, 4t should be anverstoud that Uieen cooomression tables are 
tie rewpult of practical ecyeriments, uping numbers of wer .ecomiiltioned ren 
as eubjecta. The decawpresci n schedules, even wen reilriowuy foulowed, 
whil protect only ninety percent of the men after neavy, working dives. 

2. Nereotic iffect of Witropen!5»lu6 

then the body is exposed to pressures of four otmospreres (ausolute) 
or higher, tne nitrogen resent in the inspired alr induces a narcotic efe- 
feet which may be co pared to alcohvile intexication. mfortusttery, the 
responses of the individual are simiser to those of & person not receiving 
@ sufficient amount of oxyyen. ‘the variation between imlivicuss, wen ere 
yosed to nitrogen narcosis, is wide.4? In 1915, incident to tae seavage of 
the USS Fel off fionosuiu, divers worked at a cepin of taree nendrec four 
feet (anproximeteiy nine end @ quarter atmonpheres, absolute). 

HeLiwme, however, does not produce this narovbie effect. Use of 
heliumeoxygen mixtures permis diving to depths of five hundred-f My feet q 
without adverce effecta, 0h? 

Je Anoxhe and Oxygen Motsening”r>4 

inumia, the Lack of am adejuate supoiy of oxyeen, hes been mentioned 
previously. It produces symhtom: similar to nitrogen narecveis, fherefore, 
at deothe below one nuncred fifty feet only the experienced, compressed air 
worker or ‘iver wiil be able w distinguien anoxia from naretsla, 4% mey 
ve cuncluded that the worker or diver is cepenient upen hte equipment and 
his tomer, if any, for en aieyguste sup,.y of oxyzen. 

amen an indivicual oreathes pure oxypen urder prassums preater cnoan 
one a@tmoaphera, spsuliute, ho may, after a tine, experience symptoms which 


vary from mobnees or alesiness to a cunvursive seigure. Taese symptems of 
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oxygen poleonin; heave an Lrreguer wm wide occurence pattern even for a 


/ 


single peraon. Not very much definite informatiun is av lieble concerning 
we rwesens for, or the mechaniom of, this purSuninpe ore ve ve s.unvertean, 
~Chvol of Phermaccliogy, viiversiiy of Pennsylvenia; tae ve «. saver Hedica 
deseerch Unit, duthesds, “uryiend ani the u. -. huwn. Lxperimental Civing 
snstitute, stishington, 2 ~. Gre new wiductiny or have condwieted investie 
gations into varlouws phases of the probles. 4t 15 known thel apsrenension, 
hard work or carben dioxice concentrati.ns in tae inspired ges alavure wiil 
Roce .erate eovmndien of poloonum symptom. dhere is reas.nuo.e asourance 
from diving records that tacre fe no cumper cf vxygen pcleunines enen breatuing 
Grprested Gir, aLtonviyia symctoms muy heve been masked or act reported. Uxyger 
poisoning, may oceur when oreathing compressed fee mixtures waian are richer 
in oxygen than wir. Jn using heiium-oxyyun minature for aeop diving, the 
pertia, .ressure of oxygen 16 GiWways malintaned owiow 2.3 uwimospucres, abboH 
lute. file arviteary rule aus wen succesufu. in prautices 

From the fcuregoings it muy ve cunciudec that tae usefur time on the 
bottom for any dive wiil depend uwoon tae inert gas prevent an. tio partial 
pressure of that inext ges when on the bottom. 4he partial pressure of the 
inert 28 may not b6 lowered indiserlainateiy by use of oaygen cich mixtures 
without danger of oxygen pokeuninge”* 
hb. <arbon Mioxiae roisoninge 

Un the surface, a three percent concentration of carom alezide is 
@oproxinately tac nexisum which can be tieLerated without cletress, accompanied 
by heavy breathiny,, anc needache. fur unis reas.n am: to avoid the eccelerae 
ting effect that carbon dioxide vonsentrations save on oxygerm poisoning, it 
£e important that tne partial prueswre of eny carbon dioxice in the inspired 
e065 mixture be sese then fortyefour nusdretus of @ puwnu per syuerey Lach 


(Oobi, ped equivalent to the pertia. -regoure at curfave of 3% Vig). 
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In consiwei n, it may ow sald tnwt the medeck, knewledke of men's 
reaponse to varicus pas minabuses, wid they ure Al a pres. um greeter Laan 
uno etn evnere, la barely sufficient to »ermit tue current ty, es of ai ving. 
Tnere 1» no eviaenee to demustrate We effect un men, if otewr gases, suca 
ae tose asouclubed Wita cruo@ cal, sure immadsed under vressure. Current 
reseereh in this fleid may emhence vur uncerastamulsg of CAje on polscoing 
eno bends but AL is duubtec timt any ianediate rosurte wlir erea@ily increase 


the time on the butturn ab uentius , restr wan three Lumured Leete 
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Be Hove LAving?? 

Ae the name inilcates, a hose diver is coimected to @ surface vreath- 
ing ges supply by means of @ hose. The diver may weur 4 cnairow que hele 
mot, a face mask, a di¢ght weigat diving cress, or the conventional, complete 
diving dress depending upon the temperature of the water, the cepth, and the 
nature of the work t© be ssvomplished. in cold water, for deep dives, or 
for heavy work around obutructions, an appropriate divi, Greve will be used 
for protection. For working dives to depths sreater than one aundred fifty 
to two hundred feet, where the acventujes of tiie hecium-oxycen mixtures are 
appreciable, 4 conplete diving dress With & speclai heimet must be worm. it 
will suffice for the purpose of this investigation to etate tnet the helmet 
for use of heilumeoxy;en mixtures has an attached carson dioxice absorbing 
einister to insure a iow concentraticn of curpon dlozide in the inspired air 
and to economize on gar usages 

in additiun to the depth and tine on botter. Limitations, which have 
been discussed, the diver's avility to work wiil bo iimited by: currents, 
water temperatures, anc the turbidity of the water at hie working depth. 
Gurrents above a velocity of one knot are @ real problem to tne diver. For 
deep dives even this veiocity, if consistent in dirvction, couse make civing 
operations Lepossible, oid water conditi ing may be corrected by use of 
the diving dr@ee anc ne.ted underwear, oxcept When the work requires 4 high 
degree of finger cexterity. in a few areas, hip water temperatures neve 
been & prebler which was suocessfuluy met by endurance and &@ swortenea work- 
ing veried. Turbid conditions et the working depth Limit tae VYislon of the 
diver, even wnen artifice: lighting le used. fiowever, if the nature of tie 


work and the water ten. cratures permit, tie diver can work by sense of vuuch 
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alone. it should ve nted taut & diver, waiking on a muddy bobtem, wiil 
create enough ‘isturvance to impede nis vision. 

in cunciuion, it ls stated that arthouph Ue nose diver nas an 
advantage of increased time on tho Bottom, he is also restricted by current 


eonditicngs and by any disturbance he may create on the bottom, 
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ve Free Living 

Trer nas been consideraole attention p.ven to tais tye of diving 
in current llterature and magasines. iiere again, os the neme impiies, free 
diving ie diving without any c.mmection t the surfuce cr dependence uvn 
@ aiz hose. ‘saturaiiy, divin: in thls manner nax attraction for the undere- 
water sight-seer and the apeer fiehernen. 

s free diver is subject to ain of tho nedivar idimitations of tne 
hese diver and, in additien, is slimited by the wiusse ond pressure of his 
breathing. gaa mixture and oy ois rave of co:wumption of tnat ow ly. It may 
be added that, wien Work is resuted to breathing gas consumption, tests per- 
formed at the =xperimentéa Viving vndt end eisemere, have denvastrated tnat 
Gwinmirg de Une hardest work man performs uncerwater,. 

Training in the use of free diving equipment is cecepvtiveiy easy. 

46 & proup of west voest divers nave stated, “Yin rive minutes 4 mun can learn 
enuugh to be @bie to kLil hinseit "24 fn outline of a training echedule for 

We use of free Giving equipment is cuntained in National sceadeny of .clences 
Publication, 274, entitied "um using self-contained Underwater Ureathing 

App oretun."?? 

the practival advantages anc limiteiions of the fres diving tecanique 
ares tne abliliy to werave in nigher current vezocitics tan a howe diver 
When Bearching and wnen dein, Lignt work; tee equipment is iers expensive; 
the equirment is more mudise; twe free Giver c&uses tess botbom disturbance; 
the free diver requires lesa surfese support; and the free diver muy aup.oy 
unmerwater vehiciese 

an conclusion, 16 muy o6 stated that free diving 1s compementary to 


hose diving within the depth idinitatiom of tae free diving equipment used. 
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De ‘The Vaisoon and Wiving Beil 

The oaiewon and the diving bels ere familiar equigment to under- 
water constructors. Tney both utilize 4 aiosed, uncerwater chumber frum 
which the water is exciuded by air pressure in order to perait men te work 
on the bottom within the chamber, ‘ne caleson is 4 cylindrical structure 
extending to the gurfece so that access to the -ressure Chambor may be ef~ 
fected by an air lock. im the usual employment of the diving beli, the men 
within the open bottomed chamber or bell are lowered and raised by a noist 
from a surface veesei. ‘There ere some immtuilations, where the diving beli 
ie seni-permeneitiy sited wwler water enc used at am observation station. 
Im this cans, the observers must dive from the surface and enter the bell 
from the bo ttome 

Hen working in a@ céisavm or diving beli are subject to all of the 
medical iimitatios of a diver, However, this equipment hus the advantage 
of ,ermiiting work by men who ere unencumbered vy diving pear, who ure warn, 
and whese vision ie unlipeired by the turbidity of the water, 
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Ee Tae Diving Vehiore 

Laciuding the submarine, the bathysphere, and the batuyscapoae, there 
is another falriy new group of divim vehicles which are not reosure tight. 
They are designed for use by the free diver in order tw permit nim to ine 
crease his range wider water by substituting a mowr or bicyere-driven pro- 
peller for swim fins. An ave age, welieconditivned, mon cen swim with fins 
abeut one mile underwater, whereas, in a divin; vehicie, ne cum operate for 
a distance of about four milos,9° 

These craft heave been used to & iimited extent for recreation und 
underwater photography. ‘heir pupsibie edvantages have not been exploited 
incustri ally. 
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F, tUdving Touis 

There 1s 8 rather common opinion which is innerited from storles of 
early salvage operations and which classifies the diver as a species of under~ 
water rigger. Allegedly, he can, with expert guidance froma above, find 
things waterwater end attach lines to his discovery. 

Actually, the present duy Giver is a versatiie mechenics®! He ie 
capable of gutting with gas or eiectric are, of woid_ny, of caulking, end 
of setting explosive chargoe. Virtually, wil of the air operated or explo-~ 
sive operated hand tools mey ve avapted for tae diver'’s use. ‘The pontoon 
and the lifting bag provide him with independent and powerful Aclating equip- 
ment; aibeit hie control ls c.mewant rudimentary. 

liecently, two otaer devices lave been taliored fer underwater ue. 
These are the camera and Gwe incus trial. television enwin.”” oits this equip- 
ment it ia possible +o see, record wl interpret information which the diver 
Might have missed because of linited vieion, fatigue, nitcugen narecosle, or 
lack of special ccupetence, oth tee canera sid teLeviaion caain are linited 
by turbidity, just as is the diver. Wed eoniitionn muy give reaurts melt py, 
fifty fect, but more often ivss than ten feet is tao useful range. in 6iit 
Lades: water, no piutures oy Viaio 4s posslole iniess a non-barsld substance LA 
ia used to dispiave cho wetsr Leween the lens and the object to be viewed 


or paotegrapumd. This teshnique i» experimental, 
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Ge vurrent Applications of siving, Tecnniques 

Living techniques nave a.resgy beun ulliized oy pebrilews geolo- 
giste, pipeline ounstructers, end platform ere tion crews. Tne ypeoloplats 
heve utiiised the technique ai .ree civiig a 4 xme@m of catanoliy thelr 
surface map under water.”/9°? fue diving bell nev alse been wed to obtula 
gravity meter readiuge on ime cuca) fieor.™ The pipeline cent lrustor hes 
employed the diver to probe Wie borwn prior w eaprvelve ditehin, to ine 
speet the bottom or dite prior to jwiling the oxplosive otring or pipe, ad 
to walk the pipe to ingwre thet it Ls sulficiwmtuy Geep in the Uith. ivers 
aleo assist in ditching, ond paaciig, tio pipe etrings™ Bw piatiom con- 
stvructer Bes used the diver lo Waid Spud co.sars to We pustfom , ising. 
This permits pre-struesec wire braces vo be strum, from the mad sever wo tae 
piling cop.93 im generar, these exe the twaditiowna: tasks of te diver us 
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Ve ANALYST OF PUOTONTLAL ULVING aL uATUnG 
Ae vubmerged Uriiling 

The practioai difficu.ties of workin, under pressures preater then 
one atmos here have prejudiced eny corsideration of wubmerged drillig. owe 
ever, a statement in the Marci: issue of world wi) reads, "within five years 
Giving belis cupabie of being sulmerged below water and fully equipped for 
drilling and with crew quarters, may be a reality." This was encourage 
mmt enough to prompt a reexzaminat on of the potentiaa of this opproach to 
offeahore drilling. 
Le “equilrenents 

if tae problema subsequent to corpieticn; such es controi, ruutine 
maintenance and workeover; are divorced from the picture, tne total potential 
of summerged driiling can be apeayed by considering in sume detail the re- 
quirements of such an operations. in thie cunsideraticn, the folowing state- 
ment waa used for guidance, "Although openewater driiuing nay eventuaisy ree 
Quire radical changes in driiiisy, equipment, tne chunges suvuld be graduaie 
Attention first mut be given to the development of smalier items of equip~ 
ment wd techniques required for the specific prohlens of water operations. 
It wes also assumed that ay project of this megnitude would strive to elimin- 
ate any depth limitations; thet is, :rovide for a six hundred foot operating 
depth. in addition, the deep water drilling unit should permit unrestricted, 
yeareround drilling. © 

in general terms, the requiremente for criiling may be listed aa fol- 
lows: (a) trenspertation or lesistic support, (») « source of power, (c) 4 
derrick and h.isting gear or it equivalent, (d) a mud system, (6) & drilling 
string, *? (f£) storage facilities, and (g) messing and berthing fecii ities, 


ee FM et FO ee 
Ce ee 
need Vere Drei. tee lie kk ae ee) Ak eww mee 
a) Ske Mepthae fo 2 epee GE Red. we. te eet me 
OY OFT ERT Gres Eb BEE Me vee) om mo) tometer 
Medes Cet Dement mlm! Tk Adee aaint onueth. 
Dn et. me he Ge er HE tom pine 
ee eRe WT NS 
eS ° LI, wre 
“pe” « et 
ERS NS Dae RSS eno S -<- 
















ee ee ee en | te 
TF Glenn yee me) meme eu ie pmctlhs TV Le, ee le 
ARONA SE SAT SE NF FBS ELE An mG cee tOwT ony 
ge Us eet) mls We Preeierss EO eri) Mt re reatt muse 
oes We wey, Wives eh Of fmm eon be fo 
wmhakse eh UD S Raves celle Bald le tem 9b sed meee eau ee fT 
peieriog: ST Petes Gin 6 wo eu WAR eek) CS Ce ee 
ATE wee Rey mae OCR BALL Ske Ge ee ks ee 
Mt thi Beary 

-all etek. ow 8 RELL WH) erties er turd Cree ol 
& le) gee We ree + io) ree atf20e) We etter (6) eel 
eee 6 We) rere ee 1h) ernie bil We seme aiel 6 ie Garme 
eed cee gabOTI) 208 Eniowm (gi BOe geste tides? eyes (1) © uoee 


30 


The transportation of the submersible driiiing barge and ite iogistic 
euppert while it la "making hole," poses no new probieas. The barge will 
oitner be towed to lucatLl.in or be self-propeiled, Jn ue much as propwiaion 
eguinment adds to the complexity of the berge umd to the payrull, it ie ase 
sumed that a noneself-propeiled barge would bo selected. Logistic support 
would require one tender er station vessel to asoist in eneryencies amd to 
serve as fo warning ship for other surface craft, another cargo lucger and 
provebly & healeopter would be reqeaired for transportation of men ani mate~ 
rials from the shore base of suscert to the tender. 

Transfer of men and materia, from the tender to tae summerzed barge 
would undoubtedly be restr cted to emergency requirements, fiowsver, such a 
provision would be mandatory to boister the morale of the barge cre, to ob- 
tain reasonable insurance rcetes, and to provide for the technical services, 
such sa viectric logging md cementing. This tranefer could ve provided for 
in any of three waye: (a) by meens of « rescue chamber similiar tw the dee 
vice mpioyed by the Havy to rescue the survivors of the byuadus; © (bd) by 
@ snorkle enlarped and fitted wo pemnit socess; and (c) by either (2) or (b) 
ghove for personnel and omail equipment only, plus a carro lock into the 
Giving beli section of the berge which would permit uw diver to rig vargo in 
and out. After consideration of the mégnituwie of this venture and of ite 
experimental anpects, the third way is the logical selection, However, pru- 
Gence dictates that both the accezs snorkie snd the rescue chamber be provided. 

Power cold be provided oy dlesel eleotric peneratore inotal.od in 
the sulmerged barge. Ctandeby power for emer.emsy surfesing and for shifts 
werviece, only, would be provided by batteries, it shouid be noved that tho 
diesel exhaust blower discharge prescure must be in excess of three hundred 


pounds per ogquzre inch. (This assumes a six hundred foot operating depth, 
a tan foot storm tive, a forty feot wave ailowarnce and a sea water pressure 
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gradient of .lvS pale per foote), if & suomerped exhuuste is contempsated, 
tala presente & strong reae on fur dlavharging exhaist gas thrwagh the 
enorkle and @ cve;ting wre adultuwmal adr comditiuminy road. 

abt tiles stage, 1% »-mes apprupriate to plnpeint te cnaaracteris ties 
Tequired of tne anorkle: 

(s) be Litted for emergency aceesu by men; 

(&) provide « cumluit for intake alr, exhaust, end mud tank vente; 

(ec) ve of :uffletlent height to previce for an operating depth of 

six humirea feet, waich height would be upprealpateiy 61x hune 
drec fifty feet; 

(d) poesese su‘ficleat neckanical strength to witsetand paurricene 

wind and wave loeclng, which wuld ve .n exces of eight hune 
dred forty-reven pounce per square inek. [wact vaiuea fer this 
eters dond are unevaisubhes 

(e) require sufficient interna: or externcl bracing to resist tre 

toprling movement of wind an. wave iouding. 

Now, the decision to provice en isiependent power aupply for the 
nubmerged barge eppears to be cuecstionable, The aiternative to this approach 
4e to supply power and alr fron than stat.on vevsel, Tne requirement for an 
@ir ecuree could bc eliniveted, if information concerning the effect on man 
of protrasted expczure to abyermoi concenteationse of carbon éLoxte and oun- 
everning the cesign of cerbon cLoxide air scrubbers, vere freely evellable. 
Revertheless, tho sooring pien for the tender requires close serutiny bee 
eaves any oc hah GOEL vequLye the tender to slip ibe auvrings uoake 
interrupt drilling operatives. The submerged barge would be ‘orced te operate 
em emergency, battery pover ant on alr from ite banks. DLL 

tere again it 4s aiviseble to pin point the characteristies of the . 


terdar moerings: 
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(a) e&eh leg gust hewe eufficlent weight, etrenpti, scope and 
holding rower to huld the tender without cragging unver Burricens wind and 
weve c.ndéitionn; 

(>) the mevenont af Un tender puet be cuntro.umd bp te pooriag 
within the 1i,ite of the sleectric »ower tranemlesien O@@le 200,4h and 
etreneth; 

(c} each Ley just bo Gited so a t praclude the peewibility of 
fucling the electric cable of the submerged barre; 

(4) it must pereit ti ship to ride in euch 4 manner a to aintadse 
stora darage. 

Lt fe net consider@i Ulet atomic power wLli be eveibable for genwral 
wie, If avelliatie, Lt chwsid be c nvideredc. 

The derrick sri Woleting pear, or its equivalent, would ve housed rr. 
Within the diving bei] structur® where the pau pressure would ve we hf hy 
the bargo depth. The limitetiors te a manta evility to work in pressures  - ull 
greater than one atmosphere cictete that the ri; ve a ntrolled from Loca- 
tions not su. ject to increared srescure., Thin wool tnelude remote control 
for setting casing, cementing amd Legging an wel. an norma, driliim:,. Any 
pereen entering tne bels prupor sent Le suppiied with s apeclal ureathing ces 
mixntore, “eccanpression routines must be reiipiouriy ovuserved. All connetq- 
ti me throwh the bel. wody mut ve previced with ztuffine boxes and be 
proserly packed. It wili eufflee to note thet edecuate provirlen murt be 
made t vontrol mw releaee Niieh pressure gase: waich could »row from tite 
hehe. nm sleborate syntem Lor the detection of exploulve mixtures and 
purging theme xixtures from the belli fe @ correlLatec requirements 

The mud eystem must be exrplete.Ly closed in order to prevent the 
eentamination of tne barge eir, mie requiree that tht she shéker and the 
the mud tenke be vented t tle ocean or vented through tae onorkle with the 
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Gieee] exhuust. -inilarljy, iudricators will be reyuired om all sw pling 
connec lions. 

The ériic' ag strin, design would be governec by the type of remote 
operating gear eunloyed. The perfectiun of the turbo-drill2 would sinplify 
this problem somewhat. 

Storage facilities for that material not required in drijiing or for 
the driiiing material whieh way be piped inte the veli present nu unusual 
problem. ijlowever, steruge for the driii pie and coiiave, the easing, and 
the producti: n tubing must be directly eccessible Ww tne bell structure. 

The design of berthing anc mesulng facilities for tne driiling crew 
Would present mo new proolem in suoméerine design. Air conditioning Would be 
mandatory. 

2 Advantages 
the aivantages of submerged driliing muy be steted es foliows: 
(a) freedom from weather interference; 


(b) secers to the entire contlental sneif. 





3e Current Drawbacks 

The obstacles in the path of a submerged drii.ing barge development 
are considerable. tho engineering development of the barge design alone is 
a mOjor undertaking. Viner foresevabie probiems sre; the design of an ade~ 
quate scorkie which will not dengercusiy impair the barge stability while 
submerying; the design of the beil structure, including or replacing the 
Gerrick; or the design of am adequate tencer mooring pam. in addition, tue 
requirement for complete remote control of Wie Griliing processes indicates 
that an extensive, added cevelooment of current auctomatic driisin, machinery 
is essential t the euccess of the entire project. This further ceveLopmont 


must include the dissovery of new tecimijues for the cuntrol of cementing, 
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Logging, running of casing, ond wel. Compdotinune Mecical research date are 
not generally avaliable to provide the design criteria for an adequate air 
purifying system. The selection and trainin, of the driliing crew would ve 
expensive and time consuming. Moet stringent ssfety procedures would be a 
necessity. The initial ovet of the barge sione would be at ieust ten times 


that of current equipment or cover thirty misiion doliers. 
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Be “Latform Lona truetiva 
Diving techniques offer no great cuntrivution tw the current methods 
of platform cunstructicn. Prior to the advent of the smali piatform end 
the cridling terder, the ued pf \prefauricated, SUCKer, storage tanks for 
mud, fuci anc water presented attractive advantayes, purtiouieriy, in iower- 


ing the center of gravity and suving plmtform space. 
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Ge Cumperged Cruduction 

Uubmerged production fran offshore weiis a.80 presente practical 
difficulties. iuwever, tuese difficulties are mitigated by the fact the 
production overations performed st the wel. head aru Cusicereoiy Less com~ 
plex, mechenicaily, than are tho variouw: operati.ns performed during @riliing, 
1f @ permanent type completion (wae) made, iherefore, workovers do not re- <— 
quire carge, vulky equipment compared to tive driliing rige Another, Savwrabdie 
facvcr le the fact that workover operations ar: of relatively shurt duration 
and may be scheduied during periods of favorable weather, 
le *aquirements 

The mechanica. requirements for working over permanently Completed 
wolle are:!° (a) accessiviiity for instaliation of the wire Line blewout 
preventer, of a lubricator with a wire line stuffing box, or tne cementing 
head: (b) hoisting gear to assist in the instarietion of the epove equip~ 
ment; (90) wire line and reea for running tools in and ctt of the weir; and 
(d) the acdiilty todetermine the to, levatiun by the feei of the wire line. 

The fectors which wili control the acuewseibiiity of the wel. to & 
diver are dept, turdidity of the water, ami the water temperature. ets 
to one nuncred fifty feet are accessible to divers preathning compressed air 
for perilous of time sufficient to instali eyuipment, A smeii decompression 
chenber on the workuver bowt can be used to adventage by © paecing the ten 
foot csecumpressisn ebop or by using surface decompreasim exciusively. dsriefiy, 
decumpres:iun time on tue stage may bo cut ayproxuimeteaiy fifty cereent by 
Wing the chemver for the ten foot atep. Turoid weter smould mot be a critical 
Gomlition to the ev eriences diver but it whis slow him upe *ate tempera~ 


tures within the UuLf of Mexico should present no probliern to the diver. 
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Tomperatures elsewnere Ma; Slow ope rati-ns. 

The huisting gear for handling equipment to be ineteuled at tae 
well head would require destin and cevelopment. in additien to tho boon, 
piumbing the weil heec, it seuld have an air driven winch with @ ree. Ca- 
pacity of about two hundred feet of wire. referabiy, this , eer wouid be 
unitised, The running end of the winch wire savulid mot oily be fitted to 
haniie the equipment for the wel head but saould Alse hanvilie & Navy-type, 
carpenter #top-er,. 

The Wire line ani ree. for rumning tevde in and aut would be ine 
stailed on tne tonver. ine wire iife should leac through 8 dea sReave to 
provide some freedom of motion for the tender. This line frum the boat would 
be atoprered off end the tvely handied by the diver's winch at the critical 
pointe; i.e. the top of the asie and the scating iocaidonse in the production 
gone. Lt ehould be noted thet this procedure will sive the diver the ability 
tw feel the line. 

W@li vontrol e,uipment presently in use conld be converted for use 
on submerced weliz without any major reudesipn. dydreulics equipment would 
prevent only & siijshtly different corrosion problem. fbiectrie squipment 
Would shere the corrosion problem and, in addition, require pressure proof~ 
im¢ge This could reacily be aecomplisned by a hydrausic fila or by the ine 
etadlation of a fas pressured shelie 
2. Potential Acvantages 

The potential advantages of submerged cumpiction are as follows; . 
(a) elimination of well head producti a platforms ani tueir meintanence axi { VA 
(b) elimination of weather enc fire hazard to well nee clenfores end te 
the well heed tubing between the bottom and the pistfore, 

3. Tisadvantages 


The dicaivantages of tuts euberged procedurs are: (8) inereased 
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cowplexity of workover provedures; (vb) uiener workover cosus amd ic) ine 
cregged cost of prescure prwel well neao Cun tz04186 
LL, Swumary on ‘iubnerged “reduetion A-plisation 

It chould be notea twee gathering tanks am other rescted service 
equicment wil. stili require platforms. Thirefure, svumerged completions 
will only be eivantayeous for ihowe wells which are too remete to permit 


coepletion ct the gatheking tank .eatform 
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Vie GONCLUGLONS 

As a result of this investi; aticn, it is pessible to uraw some con- 
clusions concerning the prospects of ap,lying diving tecaniques to tne off- 
shore problems, At this moment, it is #)arent that divers can only perform 
their traditional services in piatfom construction, in underwater inspec- 
tions, and in pipeline repairs, Aided by sone engineering devoiopment of 
equipment anc techniques, submerred, permanent completicns to a depth of 
about one hundred fifty feet could be serviced by employing diving tecnniques. 
The development of an ail-veather, deep water, submerged driiiing rig is a 
research deveiopment problem 1° wiving more than the barge development alone. 
Even after the difficulties related to the power sup iy, the bell design, 
and th: accessibility of the barge ere eliminated, more basic obstacies re- 
maine Tne basic data which are required in order to establish design eri- 
teria for the barge ventliation system and air purifying are unavailable, 
Automatic driliing rig controls which permit remote control of the eseential 
operations of running casing, logcing, and cementing have not been developed. 
The techniques for conpleting and producing a well at tne greater depths 
(beyond one hundred feet) are untried. The avatiability of a crew capable 


of operating and maintaining a submerged driliing rig is uncertain. 
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Therefarc, 1% 18 recommended taut 2 

(a) tie develozment of submerged »coducti n be initiated and pursued 
with the -urpose of demensireting ecunomic sa well es tecanical feesivility; 

(pb) a lhaison be established with tao U. », Navy, Surean of Medi- 
cine and Curgery, in order to secure the reieace of datu which are required 
to establish welian criteria for the ventiiaticn system of any submerged, ine 
habvited barge; 

(c) that the development of automatic drillim rigs be c.ntinued 
om thelr functions expanded to the control of running casing, comontin,, 

(d) no direct emincering development of & submerged drlusing barge 
be initiated umtii decign criteria on ventiietion and on the drilillng macnine 
ery ere available ami are firme 
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AP ENDIX I 
Lefinitions 

Bathyscaphe - A smail submarine naving gasoline instea. of alr for main 
ballast control. It now holds the world's record for deep diving. 
4% is weed by J. vosteau and A. Picard. 

Bathysphere - An observaticn chamber, fitted to withstand great pressures, 
which is lowered to great depths. It has been eapluyed by wiliiem 
Beebe end Auguste ?icard,. 

Blowing wild - An expressivun for an oil weil which is out of controi and 
vioientiy emitting oil and cas. 

Carpenter stopper - A mechanical device for holding « wire line by means of 
opposed wedges. The Navy-type stopper will hold the wire until it 
parts, without damage to the wire. 

Cementing - 4 name given to several simiiar operations whereby cement is ine 
jected into a well in order to seai the ends of tne casing to the 
surrounding formation; to repair a casing leak; or to isolate a 
particular strata behind the casing string for production. 

Gonductor pipe - A relatively short large diameter pipe extending from the 
surface and used to provide a passage for the drilling fluid at the 
start of driliing. 

Crown block - The fixed block of the hoisting tackle of am oi] well derrick. 

Gecompression time - The total time required to safeiy reduce tne gus satura- 
ticn of a man's body to normal, after exposure to pressures greater 
than one atmosphere. 

Drilling string - Tne rotating elements of the rotary rig from the swivel 


to the dite 
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Logring ~ A general term inciuding any method of securing informatiun con- 
cerning an oil weil which may reyuire lowering instruments into the 
well bore. 

Lubricator - A mechanical device permitting the in roduction of tooss or eyuipe 
ment into a high pressure vessei or pipe without reiease of pressure. 

Making hold - A term applied to a dridling rig wnich is on location anc en- 
gaged in drilliinge 

Mooring - A term used here to describe the entire arrangement for attacning 
a vessel to the ocean botton. 

Mud - A descriptive term for the ficid used in driiling by the rvutary method 
and for my drm or concentrated liquid form of that fluid, 

Off-shore - A term used here to designate any area which is directly exposed 
to the open ocean from the lower low water mark to the one hundred 
fathom curve. 

Pontoon ~- A chamber which is fitted with special baiiasting and debailasting 
equipment and commonly used to assist in raising objects from the 
ocean floor. It is here used to inciude any tank, not inciwed withe- 
in the huil proper but attached to the huil and used for adjusting 
the bouyancy or besrinz: pressure of the null on the ocean bottom. 

Running end - The moving or free end of a working rope or line. 

Stage or stop - An intermediate pressure between the working pressure of the 
@iver and atmospheric pressure at which the diver must remain for a 
fixed period of time for safe decompression. 

Tidelands (as used herein) - Any land which underlies water which exhibits 
tidal action. 

Turbo=drill - A drill and attached turbine used in cunnection with a rotery 
drilling rig whereby the turbine and drili are botated by energy 


transmitted by the circulating fluid (mud). 
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